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@ A process for the preparation of a catalyst of the 
Ziegler type comprising the steps of: 

(a) contacting a support, preferably comprising a 

refractory oxide having hydroxyl groups, with a 
dialkyi magnesium or a trialkyi aluminium com- 
pound, 

(b) contacting the product of step (a) with a mon- 
ochloro-organic compound, 

(c) contacting the product of step (b) with at least 
one tetravalent titanium compound and 

(d) contacting the support with an alcohol contain- 
ing only C, H and O and having no aromatic 
nucleus linked directly to the OH group. 

In particular, the alcohol can be n-butanol. 
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The present invention relates to the preparation 
of a Ziegler catalyst supported on a refractory 
oxide which is suited to the manufacture of poly- 
ethylene having a relatively low nnolecular weight 
and a relatively narrow molecular weight distribu- 
tion. More particularly, the catalyst is used for 
polymerisation in the gaseous phase. 

According to European patent application No. 
0453088 A1 , it is known to prepare a Ziegler type 
catalyst comprising magnesium, chlorine and 
tetravalent titanium and a granular support based 
on a refractory oxide for olefin polymerisation. 
More particularly, the preparation of the catalyst 
involves the three stages carried out in a nitrogen 
atmosphere in a liquid hydrocarbon medium, com- 
prising (a) an initial stage, of bringing into contact a 
granular carrier based on a refractory oxide having 
hydroxy] groupings with a dialkyi magnesium and 
possible a trialkyi aluminium compound, (b) a sec- 
ond stage, of bringing into contact the product of 
the first stage with a monochloro-organic com- 
pound of general formula R^R^R^CCI or of general 
formula R9Ri°R^iCCI in which R^ and R^ are iden- 
tical or different alkyi radicals made up of 1 to 6 
atoms of carbon, R^ is an atom of hydrogen or an 
alkyI radical made up of 1 to 6 atoms of carbon, 
identical to or different from R^ and R^- R^ an aryl 
radical made up of 6 to 10 atoms of carbon and 
R^° and R^^ are identical or different radicals cho- 
sen from among hydrogen, the alkyI radicals made 
up of 1 to 6 atoms of carbon and the aryl radicals 
having from 6 to 10 atoms of carbon, identical to or 
different from R^ and (c) a third stage of bringing 
into contact the product arising out of the second 
stage with at least one tetravalent titanium com- 
pound. The catalyst has the drawback of not being 
suited to the manufacture, particularly in the gas- 
eous phase, of polyethylenes having a high melt 
index and a narrow molecular weight distribution. 

Thus according to the present invention there 
is provided a process for the preparation of a 
catalyst of the Ziegler type comprising the steps of: 

(a) contacting a support, preferably comprising a 
refractory oxide having hydroxyl groups, with a 
dialkyi magnesium or a trialkyi aluminium com- 
pound, 

(b) contacting the product of step (a) with a 

monochloro-organic compound of general for- 
mula R^R7R8CCI or of general formula RSR^OR^i 
CC1 in which R^ and R^ are identical or dif- 
ferent alkyI radicals made up of 1 to 6 carbon 
atoms, R^ is an atom of hydrogen or an alkyI 
radical made up of 1 to 6 carbon atoms, iden- 
tical to or different from R^ and R^, R^ is an aryl 
radical made up of 6 to 10 carbon atoms and 
R^° and R^^ are identical or different radicals 
chosen from among hydrogen, an alkyI radical 
made up of 1 to 6 atoms of carbon and an aryl 



radical having from 6 to 10 atoms of carbon, 
identical to or different from R^- 
(c) contacting the product of step (b) with at 
least one tetravalent titanium compound and 

5 (d) contacting the support with an alcohol con- 
taining only C, H and O and having no aromatic 
nucleus linked directly to the OH group. 
The contacting referred to in step (d) can be 
carried out at any time during the catalyst prepara- 

10 tion and, in particular, prior to the first stage (a), 
between two stages, or again following stage (c). 

Preferably the support is based on a refractory 
oxide containing hydroxyl functional groups. 

The solid support based on refractory oxide 

75 contains hydroxyl functional groups and may have 
a specific surface area (BET) of 50 to 1 ,000 m^/g, 
e.g. 100 to 600 mVg and a pore volume of 0.5 to 5 
ml/g, e.g. 1 to 3 ml/g. 

The quantity of hydroxyl groups in the support 

20 depends on the support employed, on its specific 
surface area, on the physico chemical treatment 
and on the drying to which it may have been 
subjected beforehand. A support which is ready for 
use generally contains from 0.1 to 5, preferably 

25 from 0.5 to 3 millimols of hydroxyl group per gram. 
The support which may be granular, is preferably 
anhydrous at the time of its use in the catalyst 
preparation. For this purpose, it is preferably dehy- 
drated by means which are known per se, such as 

30 a heat treatment ranging from 100'C to 950 'C, 
e.g. 150'C to 800 *C. The support may be chosen, 
in particular, from a silica, an alumina, a silica- 
alumina, or a mixture of these oxides, and may 
consist of particles which have a mass-mean diam- 

35 eter ranging from 20 to 250 microns, preferably 30 
to 200 microns, especially 50 to 150 microns. The 
use of a silica is preferred, especially ones sold by 
Crosfield Company (Great Britain) under the com- 
mercial reference "SD 490" or by W R Grace 

40 Company (Germany) under the commercial refer- 
ence "SC 332" or a microspheroidal silica sold by 
W R Grace Company (Germany) under the com- 
mercial reference "SD 3217". 

The dialkylmagnesium compound is preferably 

45 of general formula Mg R^R^ optionally mixed or 
complexed with a trialkylaluminium of general for- 
mula A1 R3R*R5 in which R\ R^, RS, R* and R^ 
are identical or different alkyI radicals containing 
from 1 to 12 carbon atoms, preferably from 2 to 8 

50 carbon atoms, the quantity of trialkylalauminium 
used preferably not exceeding a molar ratio of 1/1 
relative to the dialkylmagnesium in particular the 
molar ratio being 0.01/1 to 1/1, e.g. 0.1/1 to 0.5/1. 
Dibutylmagnesium, dihexylmagnesium, butylethyl- 

55 magnesium, ethylhexylmagnesium or butyloctyl- 
magnesium is preferably employed. The preferred 
trialkylaluminium compound is triethylaluminium. 



2 



3 



EP 0 594 915 A1 



4 



Stage (b) of the preparation of the solid cata- 
lyst consists in bringing the solid product resulting 
fronn the first stage into contact with a nnonochloro 
organic connpound. This compound may be a sec- 
ondary or preferably tertiary alkyi monochloride 
containing 3 to 19, preferably 3 to 13 carbon atoms 
and having the general formula: 

R^R7R8CC1 

in which and R^ are identical or different alkyI 
radicals containing from 1 to 6, e.g. 1 to 4 carbon 
atoms such as methyl, ethyl or n-propyl and R^ is 
a hydrogen atom or, preferably, an alkyI radical 
containing from 1 to 6, e.g. 1 to 4 carbon atoms, 
identical to or different from R^ and R^, such as 
methyl, ethyl or n-propyl. Secondary propyl chlo- 
ride, secondary butyl chloride, but especially tert- 
butyl chloride are preferred. 

The monochloro organic compound may also 
be a secondary or preferably tertiary cycloalkyi 
monochloride of general formula: 

CI 

(CH2)n 

in which R^ is a hydrogen atom or, preferably, an 
alkyI radical containing from 1 to 6, e.g. 1 to 4 
carbon atoms such as methyl or ethyl and n is a 
number from 4 to 8, e.g. 5 to 8, especially 5, such 
as cyclohexyl chloride or 1-methyl-1 
chlorocyclohexane. 

The monochloro organic compound can also 
be a compound containing at least one aryl radical, 
of general formula: R^R^^R^^CCI, in which R^ is an 
aryl radical containing from 6 to 16, e.g. 6 to 10 
carbon atoms, and R^° and R^^ are identical or 
different radicals chosen from hydrogen, alkyI radi- 
cals containing from 1 to 6, e.g. 1 to 4 carbon 
atoms such as methyl, ethyl or n-propyl, and aryl 
radicals containing from 6 to 16, e.g. 6 to 10 
carbon atoms, identical to or different from R^. The 
aryl radicals for R^, R^° and/or R^^ are usually 
aromatic hydrocarbyl groups such as phenyl, toluyl 
or naphthyl. Benzyl chloride and 1-phenyl-1- 
chloroethane may be preferred. 

Stage (c) of the preparation of the solid catalyst 
consists in bringing the product resulting from 
stage (b) into contact with a compound of titanium 
at the maximum valency of 4. The titanium com- 
pounds are preferably soluble in the hydrocarbon 
liquid medium in which the catalyst is preferred. 
Preferably the tetravalent titanium compound is of 
general formula: 



Ti(0R)mX4-,T, 

in which R is an alkyI radical containing from 1 to 
6, e.g. 2 to 6 such as 2 to 4 carbon atoms, e.g. 

5 methyl, ethyl, propyl, isopropyl or butyl, X is a 
chlorine or bromine atom, m is a whole or fractional 
number equal to or greater than 0 and smaller than 
4, e.g. 0 to 3, and n is a whole or fractional number 
equal to or greater than 0 and smaller than 3, e.g. 

10 0 to 2. The use of titanium tetrachloride is pre- 
ferred. 

Stage (d) comprises contacting the support 
with an alcohol containing only C, H and O and 
having no aromatic nucleus linked directly to the 
75 OH group, in particular n-butanol. 

The catalyst prepared in this way is particularly 
suited to the manufacture in the gaseous phase of 
homopolymers of ethylene and copolymers of eth- 
ylene with at least one alpha-olefin made up of 3 to 
20 8 atoms of carbon having a high melt index (IF) 
and a distribution of molecular masses measured 
by GPC going from 3.2 to 4.5. 

The invention will now be described by way of 
example only. 

25 

Example 1 : Preparation of a Catalyst (D) 

A granular carrier is used made up of a silica 
powder "SG332" (R) sold by the company GRACE 

30 (Germany) having a specific surface (BET) of 325 
m^/g and a porous volume of 1.84 ml/g. It is made 
up of particles having an average diameter by 
mass of 77 microns. It is dried for 5 hours at 
500 * C. The following operations are carried out in 

35 an inert nitrogen atmosphere. 

In a 1 litre reactor of stainless steel, provided 
with an agitating device of rotating at 250 rpm, 
there is introduced 600 ml of n-hexane, 60 g of 
dried silica and slowly over one hour 180 millimols 

40 of n-butanol at a temperature of 23 * C. The mixture 
obtained in this way is agitated for one hour at 
23 ° C. The solid product (A) obtained in this way is 
washed three times with 600 ml of n-hexane at 
23 -C. 

45 Then, over a period of 30 minutes, 90 millimols 

of dibutylmagnesium is slowly fed in at a tempera- 
ture of 23 "C. The mixture obtained in this way is 
agitated for one hour at 23 °C. The solid product 
(B) obtained in this way is washed three times with 

50 600 ml of n-hexane at 23 " C and after such wash- 
ing contains 1.5 millimols of magnesium per 
gramme of silica. 

The reactor containing the solid product (B) in 
suspension in 600 ml of n-hexane is then heated to 

55 50 'C. Whilst being agitated, there is fed into the 
reactor slowly over one hour, 180 millimols of tert- 
butyl chloride. At the end of this time, the mixture 
is agitated for one hour at 50 ' C, then cooled down 
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to the ambient temperature (23 ' C). The solid prod- 
uct (C) obtained is washed three times with 600 ml 
of n-hexane at 23 °C. After such washing, it con- 
tains (per gramme of silica) 1 .5 millimols of magne- 
sium, 3.0 millimols of chlorine and no basic reduc- 
tion function vis-a-vis the titanium tetrachloride. 

The reactor is then heated to 50 'C and over 
30 minutes there is slowly fed in 15 millimols of 
titanium tetrachloride. The mixture obtained is then 
agitated for one hour at 50 " C, then cooled down to 
the ambient temperature (23 * C). The solid product 
(D) obtained contains (per gramme of silica) 1.4 
millimols of magnesium, 4.0 millimols of chlorine 
and 0.56 millimols of titanium in the tetravalent 
state. 

Example 2: Polymerisation of Ethylene in a Reactor 
with Mechanically Agitated Bed 

A stainless steel reactor of 2.6 litres is kept 
under 0.1 MPa nitrogen and equipped with an 
agitator for dry powder rotating at 350 rpm. Into the 
reactor there is fed by way of charge powder 200 g 
of a polyethylene powder which is completely an- 
hydrous and derived from a previous reaction, and 
then 10 millimols of triethylaluminium and 1.0 g of 
the catalyst (D). The reactor is heated to 80 C and 
into it is then fed hydrogen until a total pressure of 
0.25 MPa is obtained and then ethylene is intro- 
duced until a total pressure of 0.75 MPa is ob- 
tained. Then ethylene is fed in to maintain the total 
pressure at 0.75 MPa. At the end of 2 hours 30 
minutes, 600 g of a polyethylene having a melt 
index measured at 190'C under a loading of 2.16 
kg = 2.92 g/10 minutes and having a distribution 
of molecular masses measured by GPC of 3.5 is 
recovered. 

Example 3: Preparation of a Catalyst (H) 

A granular carrier made up of a silica powder 
"SG332" (R) sold by the Company GRACE (Ger- 
many) is used, having a specific surface (BET) of 
325 m^/g and a porous volume of 1.84 ml/g. It is 
made up of particles having an average diameter 
by mass of 77 microns. It is dried for 5 hours at 
500 • C. The following operations are carried out in 
an inert nitrogen atmosphere. 

Into a 1 litre stainless steel reactor, equipped 
with an agitation device rotating at 250 rpm, there 
is introduced 600 ml of n-hexane, 60 g of dried 
silica and slowly over 30 minutes 90 millimols of 
dibutylmagnesium, at a temperature of 23 °C. The 
solid product (E) obtained in this way contains 1 .5 
millimols of magnesium per gramme of silica. 

Over 25 minutes there is fed in slowly 72 
millimols of n-butanol at the temperature of 23 ' C. 
The mixture obtained in this way is agitated for 1 



hour at 23 *C. In this way a solid product (F) is 
obtained. 

Then the reactor containing the solid product 
(F) in suspension in 600 ml of n-hexane is heated 

5 to 50 °C. Whilst being agitated, into the reactor is 
fed slowly over 30 minutes with 90 millimols of tert- 
butyl chloride. At the end of this time, the mixture 
is agitated for one hour at 50 "C, and is then 
cooled down to the ambient temperature (23 °C). 

10 The solid product (G) obtained contains per 
gramme of silica 1.7 millimols of magnesium, 1.8 
millimols of chlorine and has no basic reduction 
function vis-a-vis titanium tetrachloride. 

The reactor is then heated to 50 ° C and into it 

75 is fed slowly over one hour 30 millimols of titanium 
tetrachloride. The mixture obtained is then agitated 
for one hour at 50 'C, then cooled down to the 
ambient temperature (23 ° 0). The solid product (H) 
obtained contains per gramme of silica 1.6 mil- 

20 limols of magnesium, 2.8 millimols of chlorine and 
only 0.49 millimols of titanium in the tetravalent 
state only. 

Example 4: Polymerisation of Ethylene in a Reactor 
25 with Mechanically Agitated Bed 

Work is carried out precisely as in Example 2 
for polymerisation, except that 1.0 g of the catalyst 
(H) is introduced in lieu of 1 .0 g of the catalyst (D). 

30 At the end of 3 hours 15 minutes of polymerisation, 
600 g of a polyethylene having a melt index mea- 
sured at 190* under a loading of 2.16 kg = 2.88 
g/10 minutes and having a distribution of molecular 
masses measured by GPC (gel permeation 

35 chromatography) of 3.6 is recovered. 

Example 5: Preparation of a Catalyst (K) 

Work is carried out precisely as in Example 3 

40 for the preparation of the solid (E). 

The reactor containing the solid product (E) in 
suspension in 600 ml of n-hexane is heated to 
50 °C. Whilst being agitated, the reactor is fed 
slowly over one hour with 180 millimols of tert-butyl 

45 chloride. At the end of this time, the mixture is 
agitated for one hour at 50 * C, then cooled down to 
ambient temperature (23 'C). The solid product (I) 
obtained contains per gramme of silica 1.6 mil- 
limols of magnesium, 1.8 millimols of chlorine and 

50 has no basic reduction function vis-a-vis titanium 
tetrachloride. 

There is then fed in slowly over 25 minutes 72 
millimols of n-butanol at a temperature of 23 °C. 
The mixture obtained this way is agitated for one 

55 hour at 23 • C. The solid product (J) obtained in this 
way is washed three times with 600 ml of n-hexane 
at 23 °C; per gramme of silica it contains 1.5 mil- 
limols of magnesium and 1 .8 millimols of chlorine. 
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The reactor is then heated to 50 "C and into it 
is fed slowly over one hour 30 nnillinnols of titanium 
tetrachloride. The nnixture obtained is then agitated 
for one hour at 50 'C, then cooled down to the 
ambient temperature (23 " C). The solid product (K) 
obtained contains per gramme of silica 1.5 mil- 
limols of magnesium, 2.9 millimols of chlorine and 
0.49 millimols of tetravalent titanium. 

Example 6: Polymerisation of Ethylene In a Reactor 
with Mechanically Agitated Bed 

Work is carried out precisely as in Example 2 
for polymerisation, except that 1.0 g of the catalyst 
(K) is introduced in lieu of 1 .0 g of the catalyst (D). 
At the end of 3 hours 12 minutes of polymerisation, 
600 g of a polyethylene having a fluidity index 
measured at 190°C under a loading of 2.16 kg = 
3.31 g/10 minutes and having a distribution of 
molecular masses measured by GPC of 3.4 is 
recovered. 

Example 7: Preparation of a Catalyst (L) 

Work is carried out precisely as In Example 5 
for the preparation of the solid (I). 

The reactor is then heated to 50 * C and into it 
Is fed slowly over 1 hour 30 millimols of titanium 
tetrachloride. The mixture obtained is then agitated 
for one hour at 50 * C, then cooled down to ambient 
temperature (23 *C). Then to the mixture is added 
1.2 millimols of n-butanol. The solid product (L) 
obtained contains per gramme of silica 1.5 mil- 
limols of magnesium, 3.3 millimols of chlorine and 
only 0.51 millimols of tetravalent titanium. 

Example 8: Polymerisation of Ethylene In a Reactor 
with Mechanically Agitated Bed 

Work is carried out precisely as in Example 2 
for polymerisation, except that 1.0 g of the catalyst 
(L) is introduced in lieu of 1 .0 g of the catalyst (D). 
At the end of 3 hours 40 minutes of polymerisation, 
600 g of a polyethylene having a fluidity Index 
measured at 190"C under a loading of 2.16 kg = 
2.80 g/10 minutes and having a distribution of 
molecular masses measured by GPC of 3.9 is 
recovered. 

Example 9 (Comparative): Preparation of a Catalyst 
(O) 

A granular carrier made up of a silica powder 
"SG332" (R) sold by the Company GRACE (Ger- 
many) having a specific surface (BET) of 325 m^/g 
and a porous volume of 1 .84 ml/g. It is made up of 
particles having an average diameter by mass of 
77 um. It Is dried for 5 hours at 500 'C. The 



following operations are carried out In an Inert 
nitrogen atmosphere. 

In a 1 litre stainless steel reactor, equipped 
with an agitator rotating at 250 rpm, there Is fed 

5 600 ml of n-hexane, 60 g of dried silica and slowly 
over one hour 190 millimols of dibutylmagnesium, 
at a temperature of 23 °C. The solid product (M) 
obtained In this way is washed three times with 600 
ml of n-hexane at 23 'C and after such washing 

10 contains 1.7 mllllmois of magnesium per gramme 
of silica. 

The reactor containing the solid product (M) In 
suspension in 600 ml of n-hexane is heated to 
50 *C. Whilst being agitated, there is fed into the 

75 reactor slowly over one hour 204 millimols of tert- 
butyl chloride. At the end of this time, the mixture 
is agitated for one hour at 50 • C, then cooled down 
to the ambient temperature (23C). The solid prod- 
uct (N) obtained is washed three times with 600 ml 

20 of n-hexane at 23 'C. After such washing, it con- 
tains per gramme of silica 1.7 millimols of magne- 
sium, 2.7 millimols of chlorine and has no basic 
reduction function vis-a-vis titanium tetrachloride. 
The reactor Is then heated to 50 • C and Into It 

25 Is fed slowly over 1 hour 45 minutes 50.1 millimols 
of titanium tetrachloride. The mixture obtained is 
then agitated for one hour at 50**C, then cooled 
down to ambient temperature (23 *C). The solid 
product (O) obtained is washed three times with 

30 600 ml of n-hexane at 23 * C. After such washing, it 
contains per gramme of silica 1 .7 millimols of mag- 
nesium, 4.8 millimols of chlorine and only 0.54 
millimols of titanium in the tetravalent state only. 

35 Example 10 (Comparative): Polymerisation of Eth- 
ylene In a Reactor with Mechanically Agitated Bed 

Work is carried out exactly as in Example 2 for 
polymerisation, except that 1.0 g of the catalyst (O) 

40 is introduced in lieu of 1 .0 g of the catalyst (D). At 
the end of 3 hours 20 minutes, 600 g of a polyeth- 
ylene having melt index measured at 190°C under 
a loading of 2.16 kg = 2.75 g/10 minutes and 
having a distribution of molecular masses mea- 

45 sured by GPC of 5.0 Is recovered. 

Claims 

1. A process for the preparation of a catalyst of 
50 the Ziegler type comprising the steps of: 

(a) contacting a support, preferably com- 
prising a refractory oxide having hydroxyl 
groups, with a dialkyi magnesium or a trlal- 
kyl aluminium compound, 
55 (b) contacting the product of step (a) with a 

monochloro-organic compound of general 
formula R^R^R^CCI or of general formula 
R9R10R11 CC1 In which R^ and R^ are Iden- 
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tical or different alkyi radicals made up of 1 
to 6 carbon atoms, is an atom of hy- 
drogen or an alkyI radical made up of 1 to 6 
carbon atoms, identical to or different from 

and R^, R^ is an aryl radical made up of 5 
6 to 10 carbon atoms and R^° and R^^ are 
identical or different radicals chosen from 
among hydrogen, an alkyI radical made up 
of 1 to 6 atoms of carbon and an aryl 
radical having from 6 to 10 atoms of carbon, io 
identical to or different from R^- 

(c) contacting the product of step (b) with at 
least one tetravalent titanium compound and 

(d) contacting the support with an alochol 
containing only C, H and O and having no 75 
aromatic nucleus linked directly to the OH 
group. 
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